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(57) Abstract 

The electronic verification machine (242) electronically couples with the circuit and applies an excitation signal such as an AC signal 
having a predetermined frequency through a read head (230) to the document (100) whereby the document includes a printed conductive 
material thereon. A sensor array (226 A -H) in combination with detection circuit in the electronic verification machine (242) then generates 
a detection signal in response to the excitation signal which can both represent the location and toe characteristics of the electrically printed 
material on the document. By storing the location of the conductive material on the document in a memory (224), the shape (238) of the 
conductive material can be determined. The electronic verification machine can also be used to stigmatize the document by applying a 
signal to the electronic circuits having sufficient strength to alter the electronic circuit 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on file front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republic 


CG 


Congo 


CH 


Switzerland 


a 


COte dlvoirc 


CM 


Cameroon 


CN 




CS 


Czechoslovakia 


CZ 


Czech Republic 


DE 


Gennany 


DK 




EE 


Estonia 


ES 


Spaio 


FI 


Finland 


FR 


France 


GA 


Oaboo 



GB 


United Kingdom 


GB 


Georgia 


GN 


■ Guinea 


GR 




HU 


Hungary 


IE 


Ireland 


IT 


ta?y 


JP 


Japan 


K£ 


Kenya 


KG 


Kyrgysxan 


KP 


Deaiccrabc People's Republic 




of Km 


KR 


RepubBc of Korea 


KZ 


Karirhslan 


LI 




LK 


Sri Lanka 


LR 


Liberia 


LT 




LU 


Luxembourg 


LV 


. Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagascar 


ML 


Mali 


MS 


Mongolia 


MR 


Mauritania 



MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 

SE 


Sudan 
Sweden 


8G 


Singapore 


SI 


Slorcnia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TC 


Togo 


TJ 


Tajikistan 


TT 


Trkddad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of Ame 


VZ 


Uzbekistan 


VN 


Viet Nam 



WO 96/41278 



PCT/US96/08041 



electronic; document valid at ton machine 

Cross-Reference to Re lated Applications 

This application is a continuation-part application of U.S. Patent 
Application Serial No. 08/268,908 filed June 22, 1 994. 
Field of the Invention 

The invention relates to an electronic apparatus for obtaining 
information from a document, and more particularly, to an apparatus for determining 
the location and shape of a conductive area printed on a document such as a lottery 
ticket. 

Background of the Invention 

It is often desirable to obtain information from documents in addition to 
the human readable information printed on the surface of the document. For instance, 
documents of many types are susceptible to tampering, alteration and counterfeiting 
Lottery tickets for probability games are an example of a document which is 
particularly susceptible to tampering: .A probability game lottery ticket normally has 
play areas, each containing play indicia covered by an opaque material, for example a 
latex material. To play the game, an individual scratches off the latex covering a 
specified number of the play areas to reveal the play indicia underneath. The player 
then determines if the combination of revealed play indicia is a winner such as the play 
indicia are all the same symbol or add up to a winning number. 

Part of the popularity of such probability games is derived from the fact 
that each and every ticket is a potential winner. If a player has lost, the player can 
scratch off the latex covering the remaining play areas and verifj thai at least one 
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winning combination is present. Consequently, this type of game is generally perceived 
by lottery players as being more legitimate than other types of instant lottery games. 

The fact that every ticket is potentially a winner also invites players to 
tamper with the tickets. Because every ticket can win if the right play areas are 
5 selected, some players look for ways to determine the play indicia contained in every 
play area in order to identify the location of a winning combination. If the player can 
conceal the fact that he has seen the play indicia, the player subsequently can remove 
the latex covering from the play areas containing the winning combination and claim a 
prize. 

10 One technique used to accomplish this result involves lifting the latex io 

look at the play indicia before gluing the latex back into place. Typically, probability 
game lottery tickets are validated by the visual observation of a human lottery agent. It 
can be difficult to visually detect this sort of tampering. Thus, probability game lottery 
tickets are particularly susceptible to fraudulent tampering and because no effective 

1 5 way of preventing or detecting such tampering has been developed, probability lottery 
games have not become commercially successful. 

Similar problems exist with respect to pull-tab type lottery tickets. A 
pull-tab lottery ticket is made up of ticket stock with play indicia printed in certain 
locations and a upper layer having perforated pull-tabs covering the play indicia 

20 laminated to the ticket stock . Currently there is no convenient method for determining 
if the pull-tab ticket is a photocopy or if all of the pull-tabs have been removed. 

A second threat to the integrity of a document is the intentional 
alteration of its contents. For example, an individual may try to alter the information on 
a driver's license, contract, test answer form, invoice or inventory form. Such an 

25 alteration may involve the changing of a number in the document by removing the 
original number and inserting a new number. In many cases alterations can be very 
difficult to detect, especially if there are no other copies of the document. 

A third type of problem posed in the document security context involves 
counterfeiting. Rather than altering an existing document, the counterfeiter actually 

30 creates a document and attempts to pass it off as being genuine. Thus, paper currency, 
tickets, tags, and labels are often counterfeited and proffered as the real thing. The 
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magnitude of this problem has substantially increased with the advent of the color 
photo copier. 

For example, the owner of a trademark might sell t-shirts bearing that 
trademark to increase the value of the shirt. In an attempt to thwart pirates, the 
5 trademark owner might also attach a identifying tag to the t-shirts. This makes it easier 
to determine whether a given t-shirt is genuine. In order to disguise the fact that t- 
shirts are counterfeits, a counterfeiter will reproduce not only the t-shirt's design, bui 
also the tag. While being forced to create a similar looking tag will increase his costs, if 
the value of the trademark is sufficiently high, the counterfeiter will continue to attach a 

10 counterfeited tag. 

There have been a number of techniques developed to improve the security of 

printed documents including the addition of magnetic materials to the document which 

are magnetically encoded with information that can be used to verify its authenticity. 

However, magnetically encoded information can in many instances be easily detected. 
15 read and altered and thus is not always suitable for verifying the integrity of a 

document 

Hence, it is desirable to provide an improved system for obtaining information 
from documents to verify or validate the documents and to thereby discourage 
tampering, alteration and counterfeiting. 

20 

phject and Sum mary of the Invention 

It is therefore an object of the invention to provide a system for obtaining 
information from a document utilizing an electronic apparatus for determining the 
characteristics of an electronic circuit element printed on the document. 

25 Another object of the invention is to provide a system for obtaining information 

from documents utilizing an electronic verification machine for receiving the documents 
and electronically coupling with a circuit element printed on the document such that a 
characteristic of the circuit element can be detected. 

A further object of the invention is to provide an electronic validation machine 

30 for use with a document having a printed circuit element where the electronic validation 
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machine electronically couples with the circuit element and generates a detection signal 
representing a characteristic of the circuit element. The electronic validation machine 
applies an excitation signal to the circuit element printed on the document and incudes 
a detection circuit which generates the detection signal in response to the excitation 
5 signal. The excitation signal can be an AC signal having a predetermined frequency 

which can be coupled to the circuit element by a number of different methods including 
direct physical contact, capacitive or inductive coupling. 

Still another object of the invention is to provide an electronic verification 
machine for use with a document having at least one area conductive material printed 

10 on the document surface where the verification machine includes an array of sensor 
plates, a circuit for applying an AC excitation signal to the document and a detection 
circuit connected to the sensor plates for detecting the presence of at least a portion of 
the conductive material. The detection circuit can also be used to generate a signal 
representing the shape of the conductive material on the ticket which in turn can be 

15 used to compare the shape to a predetermined shape stored in a memory. 

Yet another object of the invention is to provide an electronic validation 
machine for use with lottery tickets having a scratch-off coating that includes a 
conductive material where the validation machine includes an excitation circuit for 
applying an excitation signal to the ticket and a validation circuit responsive to the 

20 excitation signal for determining the location of the scratch-off coating on the ticket. 

A further object of the invention is to provide an electronic validation machine 
for use with pull-tab tickets where the upper portion of the ticket having the pull tabs 
also includes a layer of conductive ink such that the validation machine by applying an 
excitation signal to the ticket can determine if one or more of the pull-tabs have been 

25 removed. The excitation signal can also be used to determine if the ticket is a 
legitimate ticket. 

An additional object of the invention is to provide an electronic verification 
machine that can determine the electrical signature of a circuit element printed on a 
document and apply a signal to the circuit element sufficient to stigmatize the 
30 document. This stigmatization can be achieved if for example the circuit element is a 
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fuse and the applied signal has sufficient power to blow this fuse. In addition to 
somatization, this technique can be used to store data on the document where a 
selected number of circuit elements or fuses are blown by the applied signal. 

These objects are accomplished in the present invention by printing an electrical 
5 circuit onto the document. The circuits are printed in conductive or semiconductive ink 
using, for example, a gravure printing process. When the authenticity of the document 
is to be determined, an external verification machine is used to detect the presence and 
status of the circuit. Any attempted tampering or alteration of the printed document 
causes detectable changes in the characteristics of the circuit. Additionally, 

10 counterfeiting documents is made more difficult because a circuit acceptable to the 

external verification machine also must be counterfeited. The expense of determining 
how to print, and actually printing, an acceptable circuit generally outweighs any 
possible gain from the counterfeiting of documents. Therefore, the system reduces or 
eliminates counterfeiting of printed documents. 

15 The secure document system is potentially useful for a wide variety of 

documents including, but not limited to, lottery tickets, especially probability game 
lottery tickets, currency, traveller's checks, credit cards, money cards, passports, stock 
and bond certificates, bank notes, driver's licenses, wills, coupons, rebates, contracts, 
food stamps, magnetic stripes, test answer forms, invoices, tickets, inventory forms, 

20 tags, labels and original art work. 
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Brief Description of the Drawings 

FIG. 1 is a plan drawing of a probability lottery ticket having an 
electrical signature according to the invention; 
5 FIG. 2 is a plan drawing of the partial electrical circuit that provides the 

card in FIG. 1 its electrical signature; 

FIG. 3 is a schematic representation of a gravure printing press used to 
print the ticket in FIG. 1 ; 

FIG. 4 is a plan drawing of the first layer printed on the ticket in FIG. I ; 
10 FIG. 5 is a plan drawing of the second layer printed on the ticket in 

FIG. 1; 

FIG. 6 is a plan drawing of the third layer printed on the ticket in 

FIG. I; 

FIG. 7 is a plan drawing of customized graphics printed on the first 
1 5 portion of the ticket in FIG. 1 ; 

FIG. 8 is a plan drawing showing the placement of the play indicia, 
validation number, inventory control number, and bar code which are printed on the 
ticket in FIG. 1; 

FIG. 9 is a plan drawing of the back of the ticket in FIG. I ; 
20 FIG. 10 is a plan drawing of the fourth layer printed on the ticket in 

FIG. 1; 

FIG. 1 1 is a plan drawing of the fifth and sixth layers printed on the 
ticket in FIG. 1; 

FIG. 12 is a plan drawing of the seventh layer printed on the lottery 
25 ticket on FIG. I; 

FIG. 13 is a plan drawing of the eighth layer printed on the lottery ticket 

in FIG. 1; 

FIG. 14 is a perspective view of an external verification machine 
according to the invention; 
30 FIG. 15 is a perspective view of an alterative embodiment of an 
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externa) verification machine according to the invention; 

FIG. 16 is a plan drawing of the user interface of the external 
verification machine in FIG. 14; 

FIG. 17 is a block diagram of the major internal components of the 
5 external verification machine in FIG. 14; 

FIG. 18 is a block diagram of the circuitry of the external verification 

machine in FIG. 14; 

FIG. 19 is a plan drawing of the partial printed circuit used to determine 
the authenticity and integrity of the bar code of the ticket in FIG. 1; 
jq FIG. 20 is a plan drawing of the partial printed circuit used to determine 

the authenticity and integrity of the play spot areas of the ticket in FIG. 1 ; 

FIG. 21 is a plan drawing of another printed partial circuit which can be 
used to determine the authenticity and integrity of a probability lottery ticket; 

FIG. 22 is a schematic circuit diagram of the completed circuit which is 
1 5 formed when the partial circuit in FIG. 20 is coupled to an external verification 
machine; 

FIG. 23 is a plan drawing of a probability lottery ticket before the ticket 
is printed with yet another partial circuit which be used to determine the authenticity 
and integrity of the ticket; 
20 FIG. 24 is a plan drawing of the release coat printed on the ticket in 

FIG. 23; 

FIG. 25 is a plan drawing of the partial circuit used to determine the 
authenticity and integrity of the ticket in FIG. 23; 

FIG. 26 is a plan drawing of the ticket in FIG. 23 in its final printed 

25 format; 

FIG. 27 is a plan drawing of a second embodiment of the release coat 
printed on the ticket in FIG. 23; 

FIG. 28 is a plan drawing of the circuit used to determine the 
authenticity and integrity of the ticket in FIG. 23 ; 
30 FIG. 29 is a plan drawing cf another circuit which can be used to 
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determine the authenticity and integrity of a probability game ticket; 

FIG. 30 is a plan drawing of another circuit which can be used to 
determine the authenticity and integrity of a probability game ticket; 

FIG. 3 1 is a plan drawing of four printed resistors having different 

5 resistances; 

FIG. 32 is a plan drawing of a partial printed circuit which includes a 
calibration line; 

FIG. 33 is a partial plan drawing illustrating a ticket inductively coupled 
to an external verification machine; 
10 FIG. 34 is a partial plan drawing of a conductor which can be printed on 

a ticket to provide an RF antenna; 

FIG. 35 is a partial schematic circuit diagram of circuit which measures 
thermal variations to determine the authenticity and integrity of a ticket; 

FIG. 36 is a plan drawing of a lottery ticket having sixteen play spot 

1 5 areas; 

FIG. 37 is a plan drawing of the ticket in FIG. 36 having the play spot 
areas removed to reveal the underlying play indicia; 

FIG. 38 is a block diagram of a second embodiment of an external 
verification machine; 

20 FIG. 39 is a partial sectioned side view of the external verification 

machine of FIG. 38 illustrating a document transport mechanism; 

FIG. 40 is a block diagram of a portion of the circuitry of the external 
verification machine of FIG. 38; 

FIG. 41 is a schematic diagram of a position sensor array and buffer 
25 circuit that can be used with the circuit of Fig. 39; 

FIG. 42 is a perspective view of an alternative position sensor array that 
can be used with the external verification machine of FIG. 38; 

FIG. 43 is a plan view of a first lottery ticket suitable for use with the 
external verification machine of FIG. 38; 
30 FIG. 44 is a game signature map representing the location of a scratch- 
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off coating having conductive material on the lottery ticket of FIG. 43; 

FIG. 45 is a data map representing the data out put of the externa] 
verification machine of FIG. 38 for the lottery ticket of FIG. 43; 

FIG. 46 is an exploded perspective view of a pull-tab lottery ticket; 
5 FIG. 47 is an illustrative top view of the pult-tab lottery ticket of FIG. 

46 in conjunction with a signature map; and 

FIG. 48 is an illustrative top view of the pull-tab lottery ticket of FIG. 
46 positioned below an external verification machine sensor array. 

10 Detailed Description of the Invention 
I. General Overview 

The present invention is directed to a method and to an interrelated 
group of devices for determining the authenticity and integrity of a document and 
includes printing a portion of an electrical circuit on the document or applying a 
15 material having electrical conductive properties on the document. "Document", as that 
term is used herein, is not limited to conventional printed papers but includes any type 
of flexible substrate as well as rigid substrates such as printed circuit boards. A 
document is authentic if it is not the product of counterfeiting. The integrity of a 
document relates to its current physical state as compared to its initial physical state 

20 and is affected by unauthorized modifications or attempted modifications of the 
document by t for example, subjecting the document to chemicals, heat, light, or 
pressure. The electrical characteristics of the printed circuit or the location of the 
conductive material provide the basis for determining both the authenticity and the 
integrity of the document. These characteristics can also be used to obtain data from 

25 the document. 

A first method is to choose a predetermined, measurable electrical 
property, for example, a known resistance, that will serve as the electrical signature of 
the document. Next, at least a portion of an electrical circuit is printed on the 
document using conductive or semi-conductive inks. The electrical circuit is designed 
30 so that when the circuit is completed, the circuit will generate an electrical signature 
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that is substantially equal to a chosen predetermined electrical signature. Last, the 
circuit on the document is coupled to an external verification machine for determining 
the authenticity and integrity of the document by comparing the signal characteristics of 
the circuit on the document to the predetermined signature. 
5 The external verification machine provides at least three functions. 

First, the external verification machine completes the circuit and provides a power 
source for exciting the circuit. Second, the external verification machine measures the 
resulting electrical signature of the document. And third, the external verification 
machine determines whether the measured electrical signature is substantially the same 
10 as the predetermined electrical signature. There are a number ofways in which the 
external verification machine can determine the authenticity and integrity of the 
document. The external verification machine can directly determine the authenticity 
and integrity of the document by using data directly available to the external verification 
machine. Alternatively, the external verification machine can indirectly determine the 
1 5 authenticity and integrity of a document by communicating the measured electrical 
signature to a remote computer which contains data related to the predetermined 
electrical signature for the document. 

Determining the authenticity and integrity of the document is, in its 
simplest form, a logical progression. Generally, if an electrical signature can not be 
20 measured, the document is not authentic, is not in its original integral state, or both. 
On the other hand, if an electrical signature can be measured and the measured 
electrical signature is substantially the same as the predetermined electrical signature, 
the document can be assumed to be authentic and in its original integral state. If an 
electrical signature can be measured but is substantially different than the predetermined 
25 electrical signature, at the very least the document is not in its original integral state. 

This method will be explained in terms of a representative document which in this case 
is a probability game lottery ticket. 

A second method is similar to the first method but involves the determination of 
the location of conductive materials on the document. This method will be explained in 
30 conjunction with the second embodiment of the external verification machine. 
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II. Probability Game Lottery Ticke r Configuration. 

Because this example of the preferred embodiment of the invention is 
that of a probability game lottery ticket, a brief overview of that application is helpful. 
A probability game lottery ticket typically includes a group of play areas or play spots. 
5 each containing play indicia covered by an opaque material, usually a latex material. A 
player can win a prize if he removes the latex from a predetermined combination or 
combinations of play spots which define one or more winning redemption values. 
Generally the player is instructed to rub off only a specified number of play spots. 
Thus, a game may require a player to rub off three play spots. In this case, if the player 

1 0 rubs off more than three play spots, the ticket is void and player automatically loses. If 
the play indicia under the removed play spots match one of the predetermined 
combination(s), the player is eligible to redeem the ticket for a prize. On the other hand 
if the removed play spots do not match one of the predetermined combination(s), the 
redemption value of the ticket will be zero. 

j 5 FIG. 1 illustrates the final printed format of a probability game ticket 50 

according to one embodiment of the invention. The ticket 50 includes a card substrate 
52 which is generally divided into two portions. A first portion 54, the display portion, 
contains various types of printed information such as the name 56 of the probability 
game, information 58 related to the rules for playing the ticket, and customized art 

20 work 60. A second portion, the playing field portion 62, includes overprint areas 66, 
68 and 76. The square overprint areas 66 define a group of play spot areas 72A-H of 
the ticket 50. As shown in FIG. I, the overprint area of one play spot area 72A has 
been rubbed off the reveal the underlying play indicia 74. The play indicia 74 can take 
any on a variety of forms including, as shown here, a dollar value. The play indicia 74 

25 can also be formed from letters or words alone, numbers alone, or symbols alone, or 
any combination of letters, numbers, or symbols. Although not illustrated, it is to be 
understood that play indicia similar to play indicia 74 underlie each of the play spot 
areas 72B-H. 

The overprint area 76 defines the void-if-removed area of the ticket 50. 
30 A validation number 78, shown in FIG. 8, underlies the void-if-removed area defined by 
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the overprint area 76. The validation number 78 contains various types of security 
information including a portion that is usually algorithmically related to the pack 
number and ticket number for a particular ticket, such as the ticket 50. The pack 
number identifies the pack from which the ticket 50 originates. The ticket number 
relates to the position of the ticket 50 within the pack. In addition as will be cxplamcd 
below the validation number 78 can also include information related to the electrical 
signature^) of the ticket 50. The validation number 78 is useful for determining the 
authenticity and integrity of the ticket 50, as explained in greater detail below, in 
Section V. 

A bar code 80 is also printed within the playing field portion 62 of the 
ticket 50. The bar code 80 can include information related to the validation number, 
the pack and ticket numbers for the ticket 50 and to the redemption values of various 
combinations of the play indicia 74 in each of the play spot areas 72A-H. The bar code 
80 can also be used to store information about the value of the play indicia 74 on the 
1 5 ticket 50. as is explained in greater detail below, in Section V. 

FIG 2. illustrates a partial electrical circuit 8 1 which is interposed 
between the overprint areas 64-68 and the play indicia 74 of the ticket 50 shown in Fig. 
I In the preferred embodiment, the circuit 8 1 includes eight resistor tracks 82-96 
which are divided into two columns of four resistor tracks each. Each resistor track 
82-96 underlies the overprint areas 68 shown in Fig. I which define each of the play 
spot areas 72A-H in FIG. 1 . In addition, each resistor track 82-96 overlies a play 
indicia such as 74. Eight conductive or capacitive pick-up areas 98A-H are located 
around the periphery of the resistor tracks 82-96 and a central conductive track 100 is 
located between the two columns of resistor tracks 82-96. The central conductive 
track 100 is connected to a conductive I-track shown at 102 which includes a terminal 
conductive bar 104 and a second conductive bar 106 parallel to and spaced apart from 
the terminal conductive bar 104. A resistive track 107 connects the terminal 
conductive bar 104 to the second conductive bar 106. In the final printed format, such 
as that shown in FIG. 1. the terminal conductive bar 104 underlies the bar code 80. 

Each resistor track 82-96 is electrically connected to the central 
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conductive track 100 and to one of the conductive areas 98A-H. for example, res,stor 
track 82 is electrically connected to central conductive track .00 and to conducts 
area 98A The conductive areas 98A-H and the centra, conductive track .00 are used 
to capacity couple the ticket 50 to an external verification machine .08. such as that 
Ulustrated in FIG. 14. In the preferred embodiment, each conductive area 98A-H acu 
as a capacitor plate, the other capacitor plate being provided by the externa, verificauon 
m achine 108. In addition, the central conductive track .00 a.so acts as a capactor 
plate the second capacitor plate being provided by the external verification mach.nc 
108 The capacitive coupling of the conductive areas 98A-H and the centra! 
conductive track 100 to the external verification machine . 08 completes the pnnied 
circuit 81 and permits the external verification machine .08 to excite the circuit and ,o 
measure the electrical signature or signatures of ticket 50. Since the capact.ve 
coupling of the conductive areas 98A-H and the central conductive track 100 to the 
external verification machine 108 permits the external verification mach.ne 108 to 
measure the electrical signatures) of ticket 50. areas 98A-H and track .00 are a.so 
known as capacitive pick-up areas because through these areas the externa, verificauon 
machine 108 "picks-up" the electrical signature of ticket 50. 

Because each of the resistor tracks 82-96 is electrically connected to 
both the centra, conductive bar 100 and to one of the conductive areas 9SA-H. each of 
the resistor tracks 82- 96 forms a complete circuit when the ticket 50 is coup.cd to the 
external verification device 108. Thus each of the resistor tracks 82-96 has its own 
electrical signature equal to the printed resistance of the resistor track. As shown ,n 
FIG 2 each of the four resistor tracks in the two columns has the same res,stance. 
Since each of the resistor tracks 82-96 is electrically connected to its associated 
conductive area 98A-H, the integrity of the eight circuits containing the e,ght res,stor 
tracks 82-96 can be determined by reference to the specific conductive area 98A-H 
used to measure the electrical signature. Alternatively, each resistive track may have a 
unique resistance. For example, the resistor track 82 can have a resistance of .00 KO. 
the rector track 84 can have a resistance of 300 KQ. the resistor track 86 can have a 
resistance of 500 KQ, and the resistor track 88 can have a resistance of 2700 KO. 
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Similarly, the resistor tracks 90-96 can have resistances of 100 KO, 300 KO, 500 KG. 
and 700 KQ respectively. As is explained in greater detail in Sections III and IV.C. 1 
the magnitude of the resistance for a specific resistor track is a function of the type of 
ink used to print the resistor track, the length of the resistor track and the cross- 
5 sectional area, including the thickness, of the resistor track. Differences in the four 
resistances 82-88 or 90-96 in a given column of resistor tracks facilitate the 
determination of the authenticity and the integrity of the ticket 50 and more particularly 
can be used to determine which of the overprint areas 68 have been rubbed off. 

Circuit 81, as shown in FIG. 2, is actually a composite of several layers 
10 used to print ticket 50. The following section describes in detail the sequence and 
relationship of the various layers used to print ticket 50. 

III. Printing The Electrical Signature 

In the preferred embodiment, the circuit 81 is printed onto the ticket 50 

1 5 preferable via a gravure printing process. The gravure printing process allows for the 
widest range of ink and coating formulations. The gravure printing process, however, 
is not the only printing process that can be used to print the circuits. Gravure is only 
one type of intaglio printing process. Other types of intaglio printing processes can be 
used as well. In addition, the circuit 81 can be printed via screen printing, relief 

20 printing, planographic printing, letterpress and flexographic printing. In the preferred 
embodiment, the ticket 50 is printed on a paper substrate. Paper substrates are 
preferred because they offer good insulation and absorbency. Alternatively, the ticket 
50 could be printed on a plastic or a metal, such as an aluminum foil, substrate. If a foil 
substrate is used, portions of the foil can serve as the main conductor for the ticket 50, 

25 while other portions of the ticket 50 are covered with an insulating layer. 

FIG. 3 is a schematic diagram representing a gravure printing press 1 12 
suitable for printing ticket 50. The press 1 12 has fifteen gravure printing stations 1 14- 
142 and one ink jet station 144. As is explained in more detail below, each of the press 
stations 1 14-142 prints one layer on the ticket 50 while the Inkjet printer 144 prints the 

30 play indicia 74 and the bar code 80. 



WO 96/41278 PCT/US96/08041 

15 

Station 1 14 prints a first layer or surface 146 which is shown in FIG. 4. 
The first layer 146 is printed with a conductive-carbon based ink and forms a part of 
the circuit 81 shown in FIG. 2. The first layer 146 includes two portions the first of 
which is an I-track 148. The I-track 148 includes the terminal conductive bar 104 and 
5 the resistive track 107 which form part of the I-track 102 illustrated in FIG. 2. A 

second conductive bar 150 of the I-track 148 underlies the second conductive bar 106 
of the I-track 102 of FIG. 2. The second portion of the first layer 146 consists of a pair 
of rows of blocking cells 152. Each of the blocking cells 152 is positioned to underlie 
one of the play indicia 74 which are subsequently printed on the ticket 50. 

10 The ink used to print the layer 146 should have a sheet resistivity below 

2.700 Q/O preferably in the range of 1,000 GO to 1,300 Q/D^ In the ticket 50 
shown in Figs. 1-13, the ink used to print the lower conductive layer 146 would most 
desirably have a sheet resistivity of 1,200 Q/Q "Sheet resistivity" (ps), as that term is 
used herein, is the bulk resistivity of the ink (p) divided by the thickness of the film of 

1 5 ink (t) printed on the ticket 50. 

ps =p /t. 

Sheet resistivity (ps) will typically be expressed in terms of ohms/square (O/D) . In 
practice, the sheet resistivity of an ink is determined by printing and measuring the 
resistance of a unit length and width. 
20 The resistance (R) of a specific resistor in turn is a function of the bulk 

resistivity of the material and the dimensions of the resistor 

R=p(l/tw) 

where p is the bulk resistivity of the material used to make the resistor, 1 is the length 
of the resistor, t is the thickness of the resistor and w is the width of the resistor. 
25 Substituting the previous equation for sheet resistivity into the equation for resistance 
yields the following: 

R= ps(l/w) 

Thus, the resistance of a resistor printed with a conducting or semi-conducting ink is a 
function of the sheet resistivity of the ink, the length of the printed resistor, and the 
30 - width of the printed resistor. For example, the resistance of a printed resistor with an 
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ink having ps « 100 £)/□ which is 0. 120 inches (0.3048 cm) long and 0.040 inches 
(0.1016 cm) wide would be: 

R= ps(l/w) = 100 Q/D(0.0120/0.040) = 300 Q. 
The ink used to print the first layer 146 should also have very good 
5 adhesive properties so that the layer 146 adheres well to the ticket 50 and should have 
good abrasion resistance properties so that the layer 146 is not easily rubbed ofTthe 
ticket 50. A preferred formulation for the ink used to print the first layer 146 is given 
in Table 1. 

10 Table 1 : Preferred Ink Formulation For Layer 1 

material wt % 

Acrylic Resin 12-18% 
1 5 Pentaerythritol ester of 2-6% 

modified rosin 
Conductive carbon 14-20% 
Polyamine amide/acidic 0.3-1 .0% 

ester dispersant 

20 2-ethyhexyl diphenyl phosphate 2-5% 

plasticizer 

Anhydrous ethyl alcohol 20-30% 
Normal Propyl acetate 23-33% 
50/50 mixed solvent, normal 5% 
25 propyl acetate and ethyl 

alcohol 

950 varnish 5% 

The 950 varnish comprises 36.24% normal propyl acetate, 24.92% DM55 acrylic, 
30 12.92% pentaJyn 830, 17.92% nitro varnish, and 3% santicizer 141. The preferred 
formulation provides a film former, solvent based ink. Film formers are polymers 
capable of being plasticized to form a continuous and totally flexible ink. In the 
preferred formulation, the solvent evaporates from the printed surface during drying 
leaving a continuous, conductive dry ink film. Preferably, the conductive carbon will 
35 be about 2-20u in size in this formulation. 

The first layer 146 serves at least two purposes. First, the solid black 
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nature of the blocking cells 152 of the first layer 146 serves to prevent unauthorized 
detection of the play indicia 74, for example, by shining a bright light through the ticket 
50. Second, the I-track 148 can be used to protect the bar code 80 against 
unauthorized modifications, by providing an electrical signature for the bar code 80 
5 which can be measured by the external verification machine 1 08. It should be noted 
that in some cases, especially where the ticket 50 does not include the blocking cells 
152, it may be desirable to print an opaque blocking layer between the substrate 52 and 
the play indicia 74. 

Station 116 prints the second layer 156 which is shown in FIG. 5. The 

10 second layer 156 has two portions: an upper portion 156a and a lower portion 156b. 
The upper portion 156a overlies all of the blocking cells 152 of the first layer 146 
shown in Fig. 4. The lower portion 156b overlies the terminal conductive bar 104 and 
the resistive track 107 of the I-track 148 of the first layer 146. The gap between the 
upper portion 156a and the lower portion 156b exposes the second conductive bar 150 

15 of the I-track 148 of the first layer 146. The second layer 156 acts as a blocking layer 
to prevent the first layer 146 from obscuring observation of the play indicia 74 when 
the ticket 50 is played. A suitable formulation for the second blocking layer 1 56 is 
disclosed in U.S. Patent Application Serial No. 08/004, 1 57 the entire disclosure of 
which is hereby incorporated by reference. 

20 A third layer 158 is then printed by the printing station 1 1 8. The 

placement of the third layer 158 is essentially coincident with the second layer 156, as 
shown in FIG. 6. The third layer 158 also includes a upper portion 1 58a and a lower 
portion 158b separated by a gap which exposes the second conductive bar 150 of the I- 
track 148. The third layer 158 is a primer layer which provides a suitable surface for 

25 printing the play indicia 74. A suitable formulation for the third primer layer is 
disclosed in Walton, U.S. Patent No. 4,726,608. 

Printing stations 120-126 provide the features printed on the display 
portion 54 of the ticket 50, as shown in FIG. 7. These printed features include the 
name 56 of the probability lottery game, information 58 related to the rules for playing 

30 the game, and customized zst work 60. Peruse 4 different printir.2 stations 120-126 
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are used to print these features, as many as four different colors of ink can be used to 
print process colors. 

The ink jet printer 144 prints the play indicia 74 on a portion .of the third 
layer 158, as shown in FIG. 8. In the preferred embodiment, there arc two columns of 
5 play indicia 74, each of which contains four separate play indicia 74. The two rows of • 
play indicia 74 are positioned so that each separate play indicia 74 overlies one of the 
blocking cells 152 of the first layer 146 shown in Fig. 4. The ink jet printer 144 also 
prints the inventory control number 70, the validation number 78, and the bar code 80 
on the ticket 50. In the preferred embodiment, the inventory control number 70, the 
10 play indicia 74, the validation number 78, and the bar code 80 are printed with a water- 
based dye. 

Printing station 128 prints the back 157 of the ticket 50 as shown in 
FIG. 9. The back 157 may include additional information 159 related to the rules for 
playing the ticket 50. 

15 The print station 130 prints a fourth layer 160 on the ticket 50. The 

fourth layer 160 is indicated by the shaded portions in FIG. 10, The fourth layer covers 
the upper and lower portions 158a, 158b of the third layer 158 shown in Fig. 7, and 
also covers the play indicia 74, the inventory control number 70, the validation number 
78, and the bar code 80. In the same manner as the second and third layers 156 and 

20 1 58, the fourth layer does not cover the second conductive bar 1 50 of the I-track 148 
The fourth layer 160 is a seal coat which protects the inventory control number 70, play 
indicia 74, the validation number 78, and the bar code 80 from abrasion and from 
liquids in which the play indicia 74, the validation number 78, and the bar code 80 are 
soluble. Suitable materials for this purpose include various polymer materials such as 

25 acrylics, polyester urethane, epoxy acrylate, and vinyl polymer. A suitable formulation 
for the third primer layer 158 of Fig. 6 is disclosed in Walton, U.S. Patent No. 
4,726,608. 

The print stations 132 and 134 print a fifth and a sixth layer 162 on the 
ticket 50. As shown in FIG. 1 1, the fifth and sixth layers 162 are printed as discrete 
30 sections which overlie the play indicia 74 and the validation number 78. The fifth &u£ 
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sixth layers 162 are indicated by the shaded areas overlying the play indicia 74 and the 
validation number 78. The fifth and sixth layers 162 are both substantially transparent 
release coats which allow the play indica 74 to be viewed by the player and at the same 
time permit an easy removal of subsequent layers by, for example, rubbing the ticket 50 

5 with a fingernail. The same release coat formula on may be used to print both the fifth 
and sixth layers 162. A suitable formulation for the third layer is disclosed in Walton, 
U.S. Patent No. 4,726,608. Also, in some cases it may be desirable to use an 
ultraviolet curable seal-release coat in place of the release coats 162. Such seal-release 
coats are well known in the art. 

, 0 The print station 136 prints a seventh layer 164 which comprises the 

remainder of the electrical circuit 81 shown in FIG. 2 which is printed on the ticket 50. 
As illustrated in FIG. 12, the seventh layer 164 is a patterned layer which includes the 
resistor tracks 82-96 and the conductive areas 98A-H. The seventh layer 164 also 
includes the conductive bar 106 of the I-track 102 shown in FIG. 2. As explained 
5 earlier, the resistor tracks 82-96 are connected to the conductive areas 98 AH. The 
resistor tracks 82-96, as printed thus have electrical continuity with the conductive 
areas 98A-H and conductive track 100. 

The relationship between the first layer 146 and the seventh layer 164 is 
better understood with reference to Figs. 19 and 20 which are respectively plan 

20 drawings of the first layer 146 and of the seventh layer 164 alone. As noted earlier, the 
first layer 146, shown by itself in FIG. 19, consists of the blocking cells 1 52 and the I- 
track 148. The I-track 148 includes the terminal conductive bar 104 and the resistive 
bar 107. The seventh layer 164, shown by itself in FIG. 20, consists of the resistive 
tracks 82-96, the conductive areas 98A-H, the central conductive track 100 and the 

25 conductive bar 106. The seventh layer 164 is positioned on the ticket 50 so that the 
conductive bar 106 of the seventh layer overlies the conductive bar 150 of the first 
layer 146 to form the partial circuit 81 as illustrated in FIG. 2. The overlying 
relationship of conductive bars 106 and 150 ensures electrical continuity between the 
first layer 146 and the seventh layer 164. 

j0 It is desirable that the ink used to print the seventh layer 1 64 ha\~. a 
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sheet resistivity at least in the range of 300 Q/D to 600 Q/D and preferably, the sheet 

resistivity should be below 300 Q/Q Several parameters can be varied to reduce the 

sheet resistivity of an ink. For example, the shape and size of the conductive particles 

affects the sheet resistivity of the ink. In addition, metal pigments tend to reduce the 

sheet resistivity as does a high pigment to binder ratio. However, both metal pigment 

and a high pigment to binder ratio tend to reduce the graphic adhesiveness of the ink. 

Unlike the ink used to print the first layer 146, the ink used to print the seventh layer 

164 need not have exceptional adhesive properties because the seventh layer 164 or 

portions thereof are designed to be removed to reveal the play indicia 74 when the 

ticket 50 is played. Consequently, the ink used to print the seventh layer 1 64 on the 

ticket 50, or circuits on other types of documents where the adhesive qualities of the 

ink are not a major consideration, can include metal particles and can have a relatively 

high pigment to binder ratio. The use of metal particles in place of or in addition to 

carbon particles can substantiality increase the conductivity of the ink. 

A preferred ink formulation for the seventh layer 164 is given in Table 2. 

Table 2: Preferred Conductive Ink Formulation For 
Laver 7 

material wt % 

Acrylic resin 1 0- 1 5% 

Pentaerythritol ester of I -5% 

modified rosin 
conductive carbon 5- 1 5% 

silver plated copper 1 0-25% 

particles (5-10 fj) 
polyamine amide/acid 0.25-0.75% 

ester dispersant 
anhydrous ethyl alcohol 25-35% 
normal propyl acetate 28-38% 

Although the preferred metal particles are sliver plated copper particles, other 
conductive metal particles such as aluminum, brass, nickel, iron and iron oxide particles 
can be used as well. However, it should be noted that nickel may not be suitable for 
use in certain types of documents since it can be toxic if ingested. Also, in addition to 
silver, the metal particles can be plated with gold or tin. " ' - -* 
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An eighth layer 168, preferably a scratch-off latex material, is applied at 
printing station 138. As shown in FIG. 13, the eighth layer 168 covers most of the 
playing field portion 62 of the ticket 50. The eighth layer 168 does not cover the 
inventory control number 70 or the bar code 80. The eight layer 168 does, however. 
5 overlie the conductive bar 102 of the seventh layer 164. The final printing stations 138. 
140, and 142 apply overprint graphics such as overprint areas 66. 68, and 76 illustrated 
in FIG. 1. The square overprint areas 68 serve to visually identify the individual play 
spot areas 72A-H and the overprint area 76. which overlies the validation number 78. is 
printed with the instruction "void if removed. " 



10 



!V. Measuring Tp * printed Electrical Signature 
A. An External Verification Machine 

As stated earlier, the circuit 81 on the ticket 50 is completed when the 
ticket 50 is capacitively coupled to the external validation or verification machine 1 OS 

1 5 which then can measure the electrical signature of the circuit elements such as resistors 
82-96 on the ticket 50. FIG. 14 is a stylized perspective view of an exterior of the 
external verification machine 108. Although the exact configuration of the exterior of 
the extern al verification machine 108 can vary, the exterior of the preferred 
embodiment of the external verification machine 108 has three features: a results 

20 indicator 174, a ticket interface 1 76, and a user interface 1 78. As shown in FIG. 1 4. 

the results indicator 174 of the external verification machine 108 is a display panel 1 80. 
The display panel 180 can display the results of a ticket validation operation and can 
also display the results of verification testing, including tests of the authenticity and 
integrity of the ticket 50. The display panel 180 can also display instructions, such as 

25 "Insert Ticket", concerning the use of the external verification machine 1 08. In place of 
or in combination with the display panel 180, the external verification machine 1 08 can 
communicate with a printer 181 shown in Fig, 17 which can display the results of the 
ticket validation operation and verification testing as well. The user interface 1 78 can 
be a keyboard which the player or an agent can use to manually enter data from the 
-"""~30 UcTcetinto the externa! verification machine. ■■ - 
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A ticket interface 1 76 of the external verification machine 108 includes a 
ticket slot 182 into which the ticket 50 can be inserted. When the ticket 50 is properly 
inserted into the ticket slot 182, the conductive areas 98A-H, 100, and 106 are aligned 
with an array of capacitor plates 226 A-H, 228 and 230, as shown in Fig. J 8, located 
5 within the external verification machine 108, to complete the partial circuit 8 1 printed 
on the ticket 50. In addition, the bar code 80 is aligned with a bar code reader 210 (not 
shown) located within the external verification machine 108. 

FIG. 15 is a stylized plan drawing of an alternative embodiment of an 
externa] verification machine 183 having a different type of ticket interface 177. In this 
10 embodiment the external verification machine 183 has a hinged lid 184 which can be 

raised to expose the ticket interface 177 which includes a ticket recess 186. Within the 
ticket recess 186 is a sensor area 188 containing an array of capacitor plates (not 
shown) which align with the capacitor areas 98A-H. 100, and 106 on the ticket 50 
The ticket recess 186 also includes a bar code reader area 190. The ticket 50 is placed 
1 5 within the ticket recess 1 86 such that the bar code 80 can be read through reader area 
190 by a bar code reader 210 located within the external verification machine 183 as 
illustrated in Fig. 17. The external verification machine 183 can also have a second 
sensor area 192 also containing capacitor plates (not shown) which align with the 
conductive areas 98A-H, 100, and 106 on ticket 50. 
20 FIG. 16 is a plan view of the preferred embodiment of the user interface 

keyboard 178. The user interface 178 includes a numeric key pad 196 and a set of 
operation keys 198-204. The operation key 200 is used to input the validation number 
78 of the ticket 50 into the external verification machine 108 and the operation key 1 98 
is used to manually input the bar code 80 of the ticket 50 into the external verification 
25 machine 108. Keying in of the bar code 80 may be necessary if the bar code reader 2 1 0 
is not able to read the bar code because, for example, the bar code 80 is damaged or 
perhaps has been tampered with. 

FIG. 17 is a sectioned side view which includes a block diagram of the 
major internal components of the external verification machine 108. The external 
- 30 verification machine includes the bar code reader 210, and a ticket sensor 212. The 
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ticket sensor 212 senses when the ticket 50 has been properly inserted so that the bar 
code 80 can be read by the bar code reader 210. When the ticket is properly inserted 
the conductive areas 98A-H, 100, and 106 of the ticket 50 are aligned with a pair of 
sensor plates, indicated at 214 and 216, which include an array of copper, capacitor 
5 plates 226A-H, 228 and 230, shown in FIG. 1 8, positioned in a configuration which 
mirrors that of the conductive or capacitor areas 98A-H, 100, and 106 of the ticket 50. 
The sensor plates 214, 216 are part of a sensor head 2 1 8 which contains a set of 
excitation and detection circuitry for the external verification machine 1 08. The 
external verification machine 108 also includes a processor board 220, including a 

1 0 microprocessor and memory, and a communications interface 222. 

The excitation and detection circuitry of the sensor'head 218 includes a 
microcontroller 224 with associated memory as shown in FIG. 18. The microcontroller 
224 provides the necessary logic to control the external verification machine 108 and 
performs various tasks including controlling the communications interface 222, the user 

1 5 interface 178, and the bar code reader 210. The microcontroller 224 also processes the 
measured electrical signature of the circuit elements 82-96 on the ticket 50 that can be 
used to determine the authenticity and integrity of the ticket 50. Because the 
microcontroller 224 requires relatively little processing power, a single, self-contained 
IC can be used to provide inexpensive processing. Examples of acceptable chips 

20 include the Motorola 68HC71 1E9 and the Intel MCS®-5 1 Series microcontrollers. 

Each of these chips includes a Random Access Memory ("RAM") and a Programmable 
Read Only Memory ("PROM") and an Analog to Digital converter (" A/D"). 

As is explained in greater detail below, in Section V., the bar code 80 
can include information regarding the value of the play indicia 74 of the ticket 50. The 

25 bar code reader 210 communicates directly with the microcontroller 224 via an ANSI 
standard interface, for example, UART. In the preferred embodiment, the bar code 
reader 2 1 0 is a laser scanner. 

The communications interface 222 generally is a serial digital interface 
which may be a driver IC or a modem chip set. As is explained in more detail in 

30 Seaion V. below, the serial digiul interface 222 allows the external verification 
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machine 108 to communicate with a central host computer 223 when necessary to 
determine the authenticity or integrity of the ticket 50. In the preferred embodiment, a 
non-standard interface or a low-level encryption is included in the design of the serial 
digital interface 222 in order to enhance the security of communications between the 
5 external verification machine 108 and the central computer 223. 

In operation, the excitation and detection circuitry of the sensor head 
218 is capacitively coupled with the partial circuit 81 printed on the ticket 50 to 
complete the circuit 81. Thus, a complete circuit 225 including the partial circuit 8 1 on 
the ticket 50, as shown in Fig 21, is completed 8 1 when the ticket 50 is placed within 

1 0 the ticket slot 1 82 in the sensor head 218. It should be noted that the excitation and 
detection circuitry can also be coupled to the ticket 50 by various"other methods 
including: direct coupling, inductive coupling, radio frequency coupling and optical 
coupling, as described below in Section IV.E. 

In the preferred embodiment, the sensor head 218 of the external 

15 verification machine 108 is capacitively coupled to the circuit 81 on the ticket 50 to 

complete the circuit 81. A block circuit diagram of the completed circuit 225 is shown 
in FIG. 21. As noted earlier, the conductive areas 98 A-H, the central conductive track 
100, and the conductive bar 106 function as capacitor plates. The sensor head 2 1 8 
includes an array of the capacitive coupler plates 226A-H, 228 and 230, arranged in the 

20 same configuration as the conductive areas 98 A-H, 100 and 106. When the ticket 50 is 
placed in the ticket slot 182, the capacitor plates 226 A-H are aligned with the 
conductive areas 98 A-H, the central conductive track 100, and the conductive bar 106 
to form capacitors having an air gap dielectric. Alternatively, the capacitive couplers 
226A-H, 228 and 230 could be arranged within the external verification machine 108 

25 so that the capacitor plates 226A-H, 228 and 230 are positioned on the side of the 

ticket 50 opposite the conductive areas 98 A-H, 100 and 106. In this configuration, the 
capacitors formed by coupling the capacitive couplers 226A-H, 228 and 230 to the 
conductive areas 98 A-H, 100 and 106 would have a dielectric contributed both by the 
air gap and by the ticket substrate and printed layers located between the conductive 

30 areas 98A-H, 100, and 106 and the<apacitor plates 226A-H, 228 and 230. ^ 
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As noted earlier, each of the resistor tracks 82-96 is capacitiveiy 
coupled in series to one of the capacitor plates 226 A-H in the sensor head 21 8 via one 
of the conductive areas 98A-K Similarly, a capacitor is formed by the capacitor plate 
230 and the central conductive track 100. In addition, the bar code resistor track 107 
5 is connected in series with the capacitor formed by the capacitor plate 228 in the sensor 
head 218 and the conductive bars 106 and 150 and to the capacitor formed by the 
conductive track 104 and the capacitor plate 228. 

The capacitor plates 226A-H and 228 are connected to a pair of buffer 
amplifiers 232 and 236. The main buffer amplifier 236 supplies a signal to an 

10 integrator 238 in the external verification machine 108 which in turn supplies a signal to 
the microcontroller 224. The secondary buffer amplifier 232 provides a feed back loop 
to the capacitor plates 226A-H and 228 and hence the conductive areas 98 A-H. The 
resistor tracks which are not currently being tested by the external verification machine 
108 can produce stray capacitance which would interfere with the measured detection 

1 5 signal. To overcome this effect, the secondary buffer amplifier 232 applies the buffered 
detection signal to the resistor tracks which are not being tested, such as tracks 82-86, 
90-96, and 107, to cancel out the effect of the stray capacitances. 

The microcontroller 224 is also connected to a digital to analog ("D/A") 
converter 240 which supplies a signal to a voltage controlled oscillator ("VCO") 242. 

20 Because of the size constraints of a typical probability game ticket, such as ticket 50, 
the capacitance formed by coupling the individual resistor tracks, such as resistor track 
88, to the excitation and detection circuitry is small. For example, a capacitor including 
a conductive track printed with the ink formulation described in Table 2 and having an 
area of 0.201869 inches 2 would have a capacitance of approximately 9 pF. 

25 Consequently, the excitation and detection circuitry includes an inductor 244 to oppose 
the effect of the capacitive impedance resulting from the small capacitance provided by 
coupling the capacitive pick-up areas 98A-98H and 104 to the external.verification 
machine 108. The output from the VCO 242 is routed through the inductor 224 and 
applied to the central conductive track 100 via the excitation coupler 230. 

30 * When the ticket 5C U InscAed into the external verification machine 108 
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and the microcontroller 224 is activated, the external verification machine 108 begins a 
discreet verification process for each resistor track 82-96 and 107. The microcontroller 
224 steps an 8-bit output bus 245, which controls the D/A converter 240, from a value 
of 255 to zero. The DC output voltage from the D/A 240 is then applied.to the VCO 
242 for conversion to frequency. Thus, the microcontroller 224 produces a stepped 
series of decreasing excitation frequencies. These stepped excitation frequencies are 
routed though the inductor 244 and applied to the central conductive track 100 of the 
ticket 50 via the excitation coupler 230. The excitation signal from the VCO 242 is 
ultimately applied to each of the eight resistor tracks 82-96 and the bar code resistor 
track 107. The microcontroller 224 selects an individual resistor track, such as resistor 
track 88, through solid state switches (not shown) and routes the"capacitively coupled 
detection signal to the dual buffer amplifiers 232 and 236. The main buffer amplifier 
236 supplies a buffered voltage to the integrator 238 which converts the AC detection 
signal to a DC detection signal and applies this DC detection signal to the analog to 
digital input of the microcontroller 224 for processing. 

In this embodiment, the external verification machine 108 uses a 
iterative resonance seeking algorithm to determine the measured electrical signature for 
each of the resistor tracks 82-96 and 107. Two registers (not shown), the resonance 
register and the temporaiy register, in the microcontroller 224 are used to store 
successive values of the detection signal. The detection signal is the signal produced 
when any of the resistor tracks, such as resistor track 88, is coupled to the external 
verification machine 108 and receives the excitation signal via the central conductive 
bar 100. The contents of both the resonance and temporaiy registers are initially set to 
zero. 

The amplitude of the detection signal is ultimately converted to an eight - 
bit binary value via the integrator 238 and the A/D input of the microcontroller 224. 
The binary converted detection signal is then stored in the temporary register of the 
microcontroller 240. and the microcontroller 240 then compares the contents of the 
two registers. If the contents of the temporary register is less than the contents of the 
~ resonance register, the resonance register, contains the binary converted equivalent of 
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the amplitude corresponding to the resonance frequency of the resistor track being 
tested, such as track 88. Consequently, the frequency of the excitation signal and the 
contents of the resonance register are output to the processor 220 and in certain cases 
to the communication interface 222 which includes a UART serial digital port. The 
5 output of the communication interface 222 which represents the electrical signature of 
the resistor track being tested can be transmitted to the central computer 223 or to a 
lottery terminal (not shown). 

If the resonance frequency of the resistor track, such as track 88, is not 
detected, the above excitation and detection process is repeated. First, the contents of 

1 0 the temporary register are stored in the resonance register. Thereafter, the 8-bit output 
bus, which controls the D/A converter 240, is decremented to produce an excitation 
signal from the VCO 242 having a lower frequency than the previously applied 
excitation signal. The new excitation signal is applied to the ticket via the conductive 
track 100 and the new detection signal is compared, as previously described, with the 

15 contents of the resonance register. This excitation and detection process is repeated for 
each resistor track 82-96 and 107 until the detection signal corresponding to thai 
associated with the resonance frequency of the resistor track being tested is determined. 

20 

B. Candidate Circuits For Providing The Electrical Signature 
1. The T-Souare Circuit. 

Several different types of circuit configurations can be printed on the 
25 ticket 50 to provide a measurable electrical signature. In the preferred embodiment, the 
printed circuit configuration 81, termed a T-square circuit, is illustrated in FIG. 2. As 
noted earlier, each of the resistor tracks 82-96 is electrically connected to one of the 
conductive areas 98A-H and to the central conductive track 100. FIG. 20 is a plan 
drawing of the partial printed circuit used to determine the authenticity and integrity of 
30 the play spot areas 72A-H and illustrates -&s rcficto* tracks 82-96 connects to the 
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conductive areas 98 A-H and the central conductive track 1 00. In addition, the bar 
code resistor track 107 is electrically connected to the conductive bars 104 and 106. 
FIG. 19 is a plan drawing of the partial printed circuit used to determine the 
authenticity and integrity of the bar code 80 and illustrates the bar code resistive track 
5 107 connected to the conductive areas 104 and 150. As noted earlier, the first layer 
146 printed on the ticket 50 includes the bar code resistor track 107 and the conductiv 
areas 150 and 104. Successive layers, up to and including the sixth layer 162, do not 
overlie the conductive area 150 thus leaving the conductive area 150 exposed. The 
seventh layer 166 consists of the partial printed circuit used to determine the 
10 authenticity and integrity of the play spot areas 72 A-H, as shown in FIG. 20. The 
conductive bar 106 of the seventh layer 164 immediately overlies the conductive bar 
150 of the first layer 146. Consequently, the partial circuit including circuit elements 
82-96 and 98A-98H for the play spot areas 72A-H, shown in FIG. 20, and the partial 
circuit for the bar code 80, shown in FIG. 19, are electrically connected via the 

15 conductive bars 106 and 150. Thus, when the ticket 50 is coupled to the external 

verification machine 108, the excitation signal applied to the ticket 50 via the central 
conductive track 100 is also transmitted to the bar code resistive track 107 via the 
conductive bars 106 and 150. Therefore, the completed circuit 225 which is formed 
when the ticket 50 is capacitively coupled to the sensor head 218 via the conductive 

20 areas 98 A-H, 100, 104, and 106 is actually nine different, separate circuits, one for 
each of the resistor tracks 82-96 and one for the bar code resistor track 107. 

As is explained in Section V. below, the external verification device 1 08 
tests the integrity of a specific resistor track, such as resistor track 88, by comparing 
the measured resistance to the resistance which should result from the undisturbed 

25 configuration of the resistor track as originally printed, that is, the predetermined 
electrical signature of the resistor track. If the play spot area overlying the resistor 
track, such as track 88, has not been altered, for example, rubbed off orjifted to reveal 
the underlying play indicia, the resistance measured by the external verification machine 
108 will be substantially the same as the resistance which should result from the 

30 configuration of the resistor track 88 as originally printed. If, however, the play spot 
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has been removed or lifted, the measured resistance will be substantially different than 
the predetermined electrical signature of the track 88. 

The T-square circuit 200 can determine the authenticity and integrity of 
the ticket 50 as a whole, of the individual play spot areas 72 A-H, and of the bar code 
5 80. If no resistance can be measured for any of the resistor tracks 82-96, it can be 

assumed that either the ticket 50 is a counterfeit or that all of the play spot areas 72A-H 
have been rubbed off thereby rendering the ticket 50 void. Moreover, because the T- 
square circuit 200 provides a different individual circuit for each of the resistor tracks 
82-96, the T-square circuit 200 can individually test the integrity of the individual play 

1 0 spot areas 72 A-H. 

For example, a particular probability game may require revealing three 
matching game indicia to win. In addition, the game rules may require that no more 
than three play spot areas be rubbed off to reveal the underlying indicia. Consider the 
hypothetical situation in which an individual presents the ticket 50 to a lottery agent for 

1 5 redemption because the individual has ostensibly rubbed off only three play spot areas 
and the indicia in the three play spot areas match. By pure visual inspection, the ticket 
50 might appear to be a valid and winning ticket. However, when the ticket 50 is 
inserted into the ticket slot 182 of the external verification machine 108 to measure the 
. resistance of the play spot areas 72 A-H, the external verification machine 108 would 

20 determine that not only the measured resistances of the three rubbed-off play spot areas 
differ from the predetermined resistances for these play spot areas, but also that the 
measured resistance of other H non-rubbed-ofT play spot areas differ from the 
predetermined resistances for these areas. This situation could arise, for example, when 
the individual removes the overprint areas 68 of these additional play spot areas to 

25 reveal the hidden indicia 74 and then attempts to replace the overprint areas 68 so that 
these play spot areas appear to not have been played. Thus, although visually the ticket 
50 appears to be a valid winning ticket, the measure of the resistances 82-96 would 
indicate that more than three play spot areas have been removed and that therefore the 
ticket 50 is void. In addition, if the measured resistance of the bar code resistor track 

30^ 107 is substantially different from the predetermined electrical signature tor the car 
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code 80. it can be assumed that the bar code 80 has been tampered with as well. 
2. The Binary Coupled Circuit, 

An alternative embodiment of a ticket 250 having a partial printed 
circuit 252, termed a binary coupled circuit, is shown in FIG. 21. The partial circuit 
5 252 is analogous to the seventh layer 164 printed on the ticket 50. As with ticket 50, 
the partial circuit 252 is ultimately printed on a ticket substrate 254 preferably using a 
conductive ink of the type described in Table 2. Although not shown, it is to be 
understood that additional layers such as a lower conductive layer analogous to the first 
layer 146 of ticket 50, a blocking layer and a primer layer analogous to the second layer 

10 156 and third layer 158 of the ticket 50, play indicia analogous to the play indicia 74 of 
ticket 50, a seal coat and release coats analogous to the fourth layer 160 and the firth 
and sixth layers 162 of the ticket 50 are also printed on the ticket 250 between the 
substrate 254 and the partial circuit 252 in a manner similar to that used for ticket 50. 

The ticket 250 includes a display portion 256 and a playing field portion 

1 5 258. The display portion 256 is ultimately covered by a coating (not shown) suitable 
for receiving customized graphics (not shown) and information (not shown) related to 
the rules for playing the ticket 250. The playing field portion includes two columns of 
four, separately removable play spot areas 260-274. Within the playing field portion 
258, the partial circuit includes several conductive areas 276-292 and eight resistor 

20 tracks 294-308. Each of the play spot areas 260-274 is positioned between two 

conductive areas, for example, play spot area 260 is positioned between conductive 
areas 276 and 278 and play spot area 262 is positioned between conductive areas 278 
and 280. Each of the resistor tracks 294-308 is also positioned between and electrically 
connected to two of the conductive areas 276-292. For example, resistor track 294, 

25 associated with play spot area 260, is positioned between and connected to conductive 
areas 276 and 278. Underlying each of the play spot areas 260-274 is a conductive line 
(not shown). Each conductive line is connected to the two conductive areas associated 
with its respective play spot area and resistor track. For example, the conductive line 
underlying play spot area 260 is connected to conductive areas 276 and 278. 

30 The-three additions! conductive areas 3 10-? 14 are printed in the. display 
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portion 256 of the ticket 250. The first conductive area 3 10 is connected to the first 
column of four play spots 269-266 via a conductive track 3 16 connected to the 
conductive area 284. The second conductive area 3 12 is connected to the second 
column of four play spots 268-274 via a second conductive track 3 18 connected to the 
5 conductive area 292. All eight play spot areas 260-274 are connected to the third 

conductive area 3 14 via a third conductive track 320 connected to the conductive area 
276. The conductive areas 310-314 serve as capacitor plates when the ticket 250 is 
coupled to an external verification machine. 

Each column of four play spot areas 260-266 and 268-274 forms one 

1 0 complete circuit when the ticket 250 is coupled to the external verification machine 

108. The excitation signal from the external verification machine 108 is routed through 
each group of four play spot areas 260-266 via the common conductive area 3 14 in the 
display portion 256 of the ticket 250. Each group of four play spot areas 260-266 and 
268-274 provides its own detection signal. The detection signal for the play spot areas 

15 260-266 is coupled to the external verification machine 108 via the conductive track 
3 16 and the conductive area 310. The detection signal for play spot areas 268-274 is 
coupled to the external verification machine 108 via the conductive track 3 18 and the 
conductive area 312. 

Within a group of four play spot areas, for example play spot areas 260- 

20 266, the magnitude of the detection signal varies with the integrity of each of the play 
spot areas 260-266. If the play spot areas 260-266 are intact, the excitat ion signal is 
substantially unaltered and is routed through the conductive lines underlying each of the 
play spot areas 260-266. However, if a play spot area has been rubbed ofFor lifted to 
reveal the underlying play indicia, the signal is routed through the resistor track 

25 associated with that play spot area. For example, if play spot area 260 is intact, the 
signal proceeds through the underlying conductive bar to the conductive area 278. 
However, if the play spot area 260 has been at least partially removed to reveal the 
underlying play indicia, the circuit through the conductive line is broken thus routing 
the signal through the associated resistor track 294 thus changing the characteristics of 
■ * 30 the detection signal. 
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In the preferred embodiment of this ticket 250 , each of the resistor 
tracks associated with a group of four play spot areas, such as the resistor tracks 294- 
300 associated with play spot areas 260-266 has a unique predetermined resistance that 
is related, in a binomial progression, to the other resistor tracks in the column. For 
5 example, resistor track 294 can have a predetermined electrical signature equal to a 
resistance of 100 KQ, resistor track 296 can have a predetermined electrical signature 
equal to a resistance of 200 KQ, resistor track 298 can have a predetermined electrical 
signature equal to a resistance of 400 KQ, and resistor track 300 can have a 
predetermined electrical signature equal to a resistance of 800 KQ. The resistor tracks, 

10 such as resistor tracks 294-300, are printed in parallel to the conductive lines 

underlying the play spot areas, such as play spot areas 260-266. As explained below, 
the binomial relationship of the printed resistances for each resistor track within a 
group of four resistors tracks permits determination of the integrity of each play spot 
even though only one detection signal is produced for all four resistor tracks. 

1 5 FIG. 22 is a partial schematic circuit diagram 324 illustrating the 

coupling of one column of four resistor tracks 260-266 to the excitation and detection 
circuitry of the external verification machine 108. The parts of the circuit which are 
contributed by the ticket 250 include the four resistor tracks 294-300, the conductive 
areas 276-284, the conductive lines 316 and 320, and the conductive areas 314 and 

20 3 10. In addition, the ticket partial circuit includes four conductive lines 326-332 which 
underlie the play spot areas 260-266. The play spot areas 260-266 do not actually form 
a part of the circuit but are included in FIG. 22 for ease of understanding. 

The remainder of the excitation and detection circuit is provided by the 
external verification machine 108, including a pair of capacitor plates 334 and 336. 

25 The capacitor plates 334 and 336 can consist of, for example, copper plates positioned 
within the external verification machine 1 08 to mirror the configuration of the 
conductive areas, such as conductive areas 3 10 and 3 14, on the ticket 250. When the 
ticket 250 is coupled to the external verification machine, the excitation and detection 
circuit is completed by the capacitive coupling of the capacitor plates 334 and 336 in 

30 the external verification machine with the conductive areas 3 \A and 3 l&printed on the 



WO 96/41278 PCT/US96/08041 

33 

ticket 250. The excitation signal is applied to the ticket 250 via one of the capacitors 
formed by one of the capacitor plates, for example the capacitor 334, with the 
conductive area 3 14 printed on the ticket 250. The detection signal is routed to the 
rest of the excitation and detection circuit via the capacitor formed by the other 
5 capacitor plate in the external verification machine, for example plate 338, with the 
conductive area 3 10 printed on the ticket 250. 

When the play spots 260-266 have not been removed or tampered with, 
as illustrated in FIG. 22, the excitation signal flows through the each of the four 
conductive lines 326-332. However, removing or partially removing one of the play 

1 0 spots 260-266 effectively breaks the circuit through the associated conductive line 

rerouting the signal through the associated resistor track. For example, if play spot 260 
is removed, the signal pathway would go through resistor track 294. Because each 
resistor track 294-300 has its own unique resistance, each resistor track 294-300 
produces its own unique detection signal thereby permitting the external verification 

1 5 machine 108 to identify which, if any of the play spot areas 260-266 have been lifted or 
removed. Moreover, since the resistance values of the resistor tracks 294-300 are 
related to each other as a binomial progression, the external verification machine 108 
can also identify which of the play spots 260-266 have been removed when two or 
more of the play spots 260-266 have been removed. For example, if both play spots 

20 260 and 262 are removed the combination of resistor tracks 294 and 296 adds 300 KQ 
to the excitation and detection circuit. However, if play spots 260 and 264 are 
removed, the combination of resistor tracks 294 and 298 adds 500 kQ to the excitation 
and detection circuit. Thus, because the resistor tracks 294-300 have resistance values 
that are related as a binomial progression, each possible combination of resistor tracks 

25 294-300 results in a unique total resistance which can be used to identify the play spots 
260-266 that have been removed. Table 3 lists all the possible combinations of resistor 
tracks 294-300 and the resulting resistance values for the previously identified 
resistance values for the resistor tracks 294-300. 

Table 3: Resistor Combinations 

30 Resistuis Ir. The Circuit Electi ve Resistance 
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15 



10 



5 



RI +R2 
Rl +R3 
R2 + R3 
Rl +R2 + R3 
Rl +R4 
R2+R4 
Rl +R2 + R4 

R3+R4 
R1+R3+R4 
R2+R3+R4 
Rl + R2 + R3 +R4 



Rl 
R2 
R3 
R4 



100 
200 
400 
800 
300 
500 
600 
700 
900 
1000 
1100 
1200 
1300 
1400 
1500 



Additional resistance values and combinations of resistance values are possible. For 
example, the resistance values in Table 3 could be increased or decreased by an order 
of magnitude. The principle of this circuit design is that the individual resistance of 
20 each resistor track within a group of resistor tracks, such as resistor tracks 294-300, 
should be algorithmically related to the resistances of the other resistor tracks within 
the group so that every combination of resistor tracks provides a unique total 
resistance. Preferably, the individual resistances should vary as a binomial progression. 

25 3. The Infinite Resistance Circuit. 



can be used to validate and determine the authenticity and integrity of a document 
which in this example is a lottery ticket 340. As shown in FIG. 23, the lottery ticket 
includes play indicia 342 which are printed over the ticket substrate 344. Additional 

30 information, such as the name of the lottery game 346 and rules 348 for playing the 
ticket are also printed on the ticket substrate 344. FIG. 24 is a plan drawing of the 
scratch-off coating 350 which is printed over and conceals the play indicia 342. The 
scratch-off coating 350 is a removable layer of a material such as latex which can be 
relatively easily removed to reveal the play indicia 342. A single block of scratch-ofT 

35 coating 350 is used to cover all of the play indicia 342. A release coat (not shown) 



FIGS. 23, 24, 25 and 26 illustrate another partial printed circuit which 



WO 96/41278 PCT/US96/D8041 

35 

coincident with the scratch-off coating 350 is also printed on the ticket 340 between the 
play indicia 342 and the scratch-off coating 350. FIG. 25 is a plan drawing of the 
partial printed circuit which is used to determine the integrity and authenticity of the 
ticket 340. The circuit consists of a single conductive area indicated at 352A and 352B 
5 which overlies the scratch-off coating 350. The two portions 3 52 A, 3 52B of the 

conductive area extend beyond the edges of the scratch-off coating 350. FIG. 26 is a 
plan drawing of the ticket 340 in its final printed state which includes overprint areas 
354 that conceal the scratch-off coating 350 and the conductive area 352, as well as 
overprint areas 356 that define the individual play spot areas. 

j0 When the ticket 340 is coupled to the external verification machine 108 

the portions 3 52 A and 352B serve as capacitor plates to couple the partial circuit 
printed on the ticket 340 with the excitation and detection circuitry in the external 
verification machine 108. The portion of the conductive track 352A-B which 
immediately overlies the scratch-off coating 350 but does not extend beyond the 

15 scratch-off coating 350 serves as a resistor track when the ticket 340 is coupled to an 
external verification machine 108. If the ticket is in its original integral state t the 
portion of the conductive area 352A-B immediately overlying the scratch-off layer 350 
is electrically connected to the portions 352A and 352B which serve as capacitor 
plates. However, if an individual has attempted to surreptitiously inspect the play 

20 indicia 342 by, for example, lifting and then replacing the scratch-off layer 350, the 
electrical connection between the middle portion of the conductive layer and the end 
portion 352A and 352B would be broken resulting in an open circuit. 

4. The Increased Resistance Circuit. 

25 FIG. 27 illustrates an alternative embodiment of a scratch-off layer 358 

for the ticket 340. Unlike the previously described scratch-off layer 350, the scratch- 
off layer 358 consists of discreet, individual areas which overlie each play indicia 342 
(not shown). A release coat (not shown) underlies each of the discreet portions of the 
scratch-off coating 358. The partial printed circuit which overlies the scratch offlayer 

30 358 consists of a singie Conductive area indicated at 360A and J60B which overlies all 
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of the scratch ofTIayer 358. Two portions 360A, 360B of the conductive area 360 
extend beyond the area of the ticket 340 containing the scratch-off coating 358. The 
final printed format of the ticket 240 is shown in FIG. 26 and includes overprint areas 
354 that conceal the scratch-off coating 358 and the conductive area 360A-B, as well 
5 as overprint areas 356 that define the individual play spot areas. 

When the ticket 340 is coupled to an external verification machine 108, 
the portions 360A and 360B of the conductive area 360 which extend beyond area of 
the ticket 340 containing the scratch-off layer 358 serve as capacitor plates to couple 
the partial circuit printed on the ticket 340 with the excitation and detection circuitry in 

10 the external verification machine 108. The portion of the conductive area 360A-B 

which immediately overlies the scratch-off coating 358 but doesnot extend beyond the 
scratch-off coating 358 serves as a resistor track when the ticket 340 is coupled to the 
external verification machine 108. If all of the play spots are intact, the electrical 
signature of the ticket 340 will be equal to the printed resistance associated with the 

15 portion of the conductive track 360 which overlies all of the play indicia 342. 

However, if an individual has attempted to surreptitiously inspect the play indicia 342 
by, for example, lifting and then replacing one portion of the scratch-ofT layer 358, the 
small portion of the conductive area 360A-B immediately overlying the removed area 
of the scratch-off layer 258, will be electrically disconnected from the remainder of the 

20 conductive area 360A-B, leading to an increase in the resistance associated with the 
conductive area 360A-B. 

5. The Waffle Circuit. 

Fig. 29 is a plan drawing of another partial circuit 364 
25 which can be printed on a lottery ticket to determine the authenticity and integrity of 

the play spot areas. The partial circuit, termed a waffle circuit, includes two conductive 
bars 366 and 368 which are electrically connected to a conductive area 370 overlying 
the play indicia (not shown). Removable scratch-off areas 372 overlie the portions of 
the conductive area 370 which immediately overlie the individual play indicia. A seal 
30 coat and release coats analogous to the forth layer 160 and the fifth and s ; *th layers 
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162 of the ticket 50 in FIG. 1 1 are printed in an appropriate configuration between the 
play indicia and the conductive area 370. Thus, removal of any of the scratch-off areas 
372 also removes a portion of the conductive area 370. When the ticket which includes 
the partial circuit 364 is coupled to the external verification machine 108, each of the 
5 play spot areas defined by the scratch-off areas 372 serves as a capacitor plate, in 

addition, the conductive bars 366 and 368 also serve as capacitor plates to couple the 
partial circuit 364 to the excitation and detection circuitry of the external verification 
machine 108. The excitation and detection circuitry of the external verification 
machine 108 in turn includes an array of capacitive couplers which are positioned to 

1 0 mirror the configuration of the conductive bars 366 and 368 and the scratch-off areas 
372. Thus, in contrast to the previously described partial circuits in FIGS. 20., 21, and 
23-28, the electrical signature of the play spot areas associated with the partial circuit 
364 is a conductive track, rather than a resistive track. 

The external verification machine 108 can check the authenticity and 

1 5 integrity of the play spot areas defined by the scratch-off areas 372 by applying an AC 
excitation signal to one of the conductive bars 366 or 368. If the individual play spot 
area being tested is intact, the excitation signal will be routed through the portion of the 
conductive area 370 underlying the scratch-off area 372 associated with the tested play 
spot area. Consequently, an AC detection signal will be routed to the capacitor plate in 

20 the external verification machine 108 which mirrors the particular play spot area 372. 
However, if the scratch-off area 372 being tested has been at least partially removed, 
the associated removal of a portion of the conductive area 370 creates an open circuit 
under that particular scratch-off area 372. Hence, no AC detection signal is routed to 
the associated capacitor plate in the external verification machine 108, indicating that 

25 the integrity of the play spot area 372 has been changed. 



6. The Recursive Circuit. 

FIG. 30 is another plan drawing of a partial printed circuit 376 which 
can be used to determine the authenticity and integrity of the play spot areas of a lottery 
3 0 : ticket The partial cirtSuirtW includes resistor tracks (not shown^wh'i v» -r.dc. \\c each 
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of the removable scratch-off areas 378. Each resistor track is electrically connected 10 
a pair of conductive bars 380A and 380B. In the partial circuit shown in FIG. 30 % there 
are a total of twenty-four conductive bars 3 80 A, 3 80B, two for every resistor track 
associated with one of the scratch-off areas 378. When the ticket which includes the 
5 partial circuit 376 is coupled to an external verification machine 108, each resistor track 
associated with each scratch-off area 378 is capacitively coupled to the excitation and 
detection circuity of the external verification machine 108 by its associated conductive 
bars 380A and 380B. One conductive bar, for example, bar 380A, is used to apply the 
excitation signal to the resistor track. The second conductive bar, for example bar 

■'10 380B, routes the detection signal to the rest of the excitation and detection circuitry in 
the external verification machine 108. If the scratch-off area 372*being tested is intact, 
the electrical signature of the associated resistor track will be substantially equal to the 
printed resistance of the resistor track underlying the scratch-off area 372. If, however, 
the scratch-off area 372 being tested has been at least partially removed or lifted, the 

15 measured resistance of the resistor track and hence the resonant frequency of the 

completed circuit associated with the scratch-off area 372 will be substantially different 
than the printed resistance of the resistor track. 



20 C. Variation In Printed Resistances 

1. Variations In The Printed Resistances. 

A number of the foregoing circuits, such as the T-square circuit shown 
in FIG. 20., and the binary-weighted circuit shown in FIG. 21, use the resistance of a 
printed resistor track to impart an electrical signature to a document. As noted earlier, 
25 the resistance of such printed resistor tracks can be defined as follows: 

R=p(L/A) 

where R = resistance; 

p == bulk resistivity (resistance per unit volume); 
L = length of resistor, and 
30 A = cross sectional area of the resistor. 

The.cross-sectional area of the resistor in turn equals the product of the. print thickness 
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predetermined area of the lottery ticket; and 

validation means, responsive to said excitation signal, for determining; the location of 
the scratch-off coating in said predetermined area. 

83. The machine of Claim 82 wherein said validation means additionally generates a 
validation signal indicating that at least a predetermined portion of the scratch-off coating has 
been removed from said predetermined area of the ticket. 

84. The machine of Claim 82 wherein said validation means includes at least one sensor 
aligned in a predetermined position with respect to the ticket by said document interface 
means and detection means operatively connected to said sensor for generating a detection 
signal, in response to said excitation signal, indicating the presence of the scratch-off coating 
associated with said sensor. 

85. The machine of Claim 82 wherein said validation means additionally includes 
verification means for determining if the lottery ticket contains conductive material other than 
the conductive material in the scratch-off coating. 

S6. The machine of Claim 85 wherein said verification means generates a verification 
signal if the lottery ticket contains more than a predetermined amount of the conductive 
material other than the conductive material in the scratch-off coating. 

87. The machine of Claim 86 wherein said predetermined amount of the conductive 
material other than the conductive material in the scratch-off coating is located on a 
predetermined area of the upper surfaced the lottery ticket. 

88. The machine of Claim 84 wherein said validation means includes memory means for 
storing a representation of the predetermined area and comparing means for comparing said 
representation to said detection signal. 

89. The machine of Claim 88 wherein said comparison generates a validation signal if said 
detection signals correspond to less than a predetermined portion of said representation. 

90. The machine of Claim 89 wherein said validation signal represents at least a 
predetermined percentage of the scratch-off coating has been removed from the ticket in the 
predetermined area. 

9 1 . The machine of Claim 89 wherein said representation is a digital map of the 
predetermined arec stored in said memory means. 

92. The machine of Claim 91 wherein said validation means additionally includes 
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verification means responsive to said detection signal for determining if the lottery ticket 
contains conductive material other than the conductive material in the scratch-off coating. 

93. The machine of Claim 92 wherein said verification means generates a verification 
signal if the lottery ticket contains more than a predetermined amount of the conductive 
material other than the conductive material in the scratch-off coating. 

94. The machine of Claim 93 wherein said predetermined amount of the conductive 
material other than the conductive material in the scratch-off coating is located on a 
predetermined area of the upper surface of the lottery ticket. 

95. The machine of Claim 88 wherein said memory includes a plurality of said 
representation of predetermined areas and additionally including ticket identification means for 
identifying which of said representations of predetermined areas corresponds to a particular 
lottery ticket. 

96. The machine of Claim 95 wherein said identification means includes a bar code reader 
for reading a ticket identifying code bar code on the lottery ticket. 

97. The machine of Claim 89 wherein said sensor includes an array of sensor plates, 

9S. The machine of Claim 89 wherein document interface means includes transport means 
for moving the upper surface of the lottery ticket past said array of sensor plates. 

99. The machine of Claim 26 wherein said excitation plate and said sensor plates are 
coated with a dielectric material and wherein the upper surface of the lottery ticket is in 
contact with said sensor plates when said transport means moves the upper surface pat said 
sensor plates. 

100. The machine of Claim 99 wherein said dielectric material has a dielectric constant of 
approximately 8. 

101. The machine of Claim 99 wherein said transport means includes a pressure roller for 
maintaining the upper surface of the lottery ticket in contact with said sensor plates. 

102. The machine of Claim 98 wherein said transport means moves said ticket in discrete 
steps past said array of sensor plates and said detection signals arc generated for each of said 
sensor plates for each of said steps. 

103. The machine of Claim 102 wherein said transport means includes a pressure roller for 
maintaining the upper surface of the lottery ticket in contact with said sensor plates. 

1 04. The machine of Claim 98 wherein said transport means maintains said scratch-off 
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coating within a predetermined distance of said sensor plates. 

105. The machine of Claim 105 wherein said predetermined distance is 0.004 inches. 

J 06. The machine of Claim 98 wherein said excitation means includes an excitation plate for 

applying said excitation signal to the predetermined area on the lottery ticket. 

107. The machine of Claim 106 wherein said excitation plate is aligned in parallel with and 
spaced apart from said sensor plates. 

108. The machine of Claim 106 wherein said excitation is an AC signal and wherein said 
validation means includes AID means connected to said sensor plate for converting the current 
of said detection signal generated on said sensor plates in response to said excitation signal to 
a digital detection signal. 

109. The machine of Claim 108 wherein said representation is a digital map of the 
predetermined area stored in said memory means and wherein said comparing means compares 
said digital detection signal from each of said sensor plates to a corresponding position in said 
digital map for each of said step of said transport means. 

110. A pull-tab lottery ticket validation machine, for use with a lottery ticket having a 
substrate with play indicia printed thereon and a pull tab member having conductive ink 
printed thereon secured to the substrate with perforated pull-tabs located over the play indicia, 
comprising: 

document interface means for receiving the pull-tab ticket; 

excitation means for applying an excitation signal to selected portions of the pull-tab 

ticket; 

validation means, responsive to said excitation signal, for determining if one or more of 
the pull-tabs has been removed from the pull-tab ticket. 

111. The machine of Claim 1 10 wherein said validation means includes at least one sensor 
plate aligned with the location of the pull-tabs on the ticket and signature means operatively 
connected to said sensor plate for detecting, in response to the application of said excitation 
signal, a pull-tab signature resulting from the presence of the conductive ink thereby indicating 
the presense of the pull-tab. 

1 12. The machine of Claim 111 wherein said signature means additionally includes 
verification means for detecting a verification signature indicating the presence of the 
conductive ink in an area of the ticket other than the pull-tabs in order to verify that the ticket 
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is a legitimate pull-tab ticket. 

113. The machine of Claim 1 1 1 wherein said excitation means includes at least one 
excitation plate for applying said excitation signal to the ticket. 

1 14. The machine of Claim 1 13 wherein said document interface means includes transport 
means for moving each of the locations on the ticket where the pull-tabs would be located past 
said sensor plate and wherein said signature means generates said pull-tab signature if a pull- 
tab is present at each of the locations. 

1 1 5. The machine of Claim 1 14 wherein said signature means additionally includes 
verification means for detecting a verification signature indicating the presence of the 
conductive ink in locations of the ticket other than the pull-tab locations in order to verify thai 
the ticket is a legitimate pull-tab ticket. 

1 16. The machine of Claim 115 wherein said transport means steps the pull-tab ticket such 
that each of the pull-tab locations is aligned with said sensor plate and said excitation signal is 
applied to generate said pull-tab signature for each of the pull-tab locations and wherein said 
transport means steps the pull-tab ticket such that said sensor plate is aligned with at least one 
predetermined location on the pull-tab ticket other than the pull-tab locations and said 
excitation signal is applied to generate said verification signal for the predetermined locations. 

1 17. The machine of Claim i 16 wherein at least some of the predetermined locations arc 
locations on the pull-tab ticket between the pull-tabs. 

118. The machine of Claim 1 1 7 wherein said sensor plate is located such that said transport 
means will move the centerline of the pull-tab ticket past said sensor plate. 

1 19. The machine of Claim 118 wherein said excitation means includes two of said 
excitation plates aligned with and spaced apart on either side of said sensor plate. 
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